In 8 double-blind, placebo-controlled three-way cross over study, the efficacy of Ro 15-1788 200 mg, a new benzodiazepine antagonist, in blocking the amnesic, cognitive, psychomotor and subjective effects of diazepam 20 mg, was investigated in a group of six healthy male volunteers. The amnesic effects of diazepam were markedly attenuated by the combined administration of Ro 15-1788. The psychomotor and subjective effects of diazepam by mouth were most pronounced 2.5 h after administration. Concurrent oral administration of Ro 15-1788 completely prevented these effects at 2.5 h. Plasma diazepam concentrations observed after administration of the combination of diazepam and the antagonist did not differ from those observed following diazepam alone.
One of the most useful properties of the benzodiazepines, as premedicants, is their ability to cause anterograde amnesia (Kanto, 1981) . This property was discovered soon after the introduction of diazepam (Brandt and Oakes, 1965; Haslett and Dundee, 1968) and has subsequently been demonstrated by numerous authors (Clarke et al., 1970; Pandit and Dundee, 1970; Ghoneim, Mewaldt and Thatcher, 1975; Frumin,HerekarandJarvik, 1976; McKay and Dundee, 1980) . Clarke and colleagues (1970) have shown that diazepam i.v. caused dense anterograde amnesia for approximately 10 min after administration, and that this was not accompanied by a serious decrease in the level of consciousness. They concluded that impairment of memory was the result of an effect of the drug on the consolidation process, rather than a direct effect on the registration or retrieval of information. Further support for this theory was provided by the studies of GroveWhite and Kelman (1971) , Gregg, Ryan and Levin (1974) , Ghoneim and Mewaldt (1975) and McKay and Dundee (1980) .
The degree and duration of amnesia following the administration of diazepam is dependent on both dose and route of administration, being more pronounced, for example, following i.v. rather than i.m. administration (Pandit, Dundee and Keilty, 1971 ). Intravenous diazepam 10 or 20 mg consistently caused rapid onset, short duration amnesia (Clarke et al., 1970; Gregg, Ryan and Levin, 1974; Ghoneim, Mewaldt and Thatcher, 1975) . The findings following oral administration are less consistent. A number of authors have been unable to demonstrate amnesia following diazepam by mouth (Harry and Richards, 1972; Wilson and Ellis, 1973) , although it has been reported by Baird and Hailey (1972) and more recently by McKay and Dundee (1980) .
Besides its amnesic properties, diazepam alters numerous other aspects of human performance such as reflex speed, attention and vigilance, decision making and motor co-ordination (McNair, 1973; Kleinknecht and Donaldson, 1975) . These diverse actions must be taken into account, especially when the drug is used in outpatients.
There is now reliable evidence that the benzodiazepines produce their numerous effects on the central nervous system primarily by facilitating synaptic transmission which is mediated by the inhibitory neurotransmitter y-amino butyric acid (GABA) (Haefely et al., 1975; Costa and Guidotti, 1979) . Benzodiazepine receptors Okada, 1977, 1978; Squires and Braestrup, 1977) are thought to be associated with the postsynaptic GAB A receptor complex in such a way that the enhancing effect of the benzodiazepines on GABAergic transmission and, consequently, their pharmacological activity is initiated by interaction between the benzodiazepines and their receptor sites (Guidotti, Toffano and Costa, 1978) . The recent discovery of Ro 15-1788 (ethyl-8-fluoro-5, 6-dihydro-5-methyl-6-oxo-4H-imidazo-[l, 5-a] [1, 4] -benzodiazepine-3-carboxylate) (Hunkeler et al., 1981; Mohler et al., 1981) , a potent benzodiazepine antagonist, provides a unique opportunity for studying the relationship between benzodiazepine receptors and the pharmacological activity of these agents in man. Ro 15-1788 has already been shown to block the behavioural, neurological and electrophysiological effects of several benzodiazepincs in animals (Hunkeler et al., 1981; . Recently, the central effects of the potent benzodiazepine 3-methylclonazepam have been effectively antagonized in man following both oral and i.v. administration of Ro 15-1788 (Darragh et al., 1981a, b) . Ro 15-1788 is well tolerated in man when administered alone as a single oral dose of up to 600 mg, and is devoid of any demonstrable pharmacological activity (unpublished data).
The purpose of the study reported here was to determine whether Ro 15-1788 by mouth was an effective antagonist of the central effects of diazepam in man and, in particular, to investigate its efficacy in blocking the amnesic effects of diazepam. A further objective was to determine whether Rol5-1788 modified the plasma concentration profile of diazepam when both substances were administered orally.
SUBJECTS AND METHODS
Six healthy male volunteers aged between 18 and 25yr participated. An extensive physical examination, including 12-lead electrocardiogram and laboratory screen, was conducted before and after the study. All subjects gave written informed consent to participate in the study, the programme for which was subject to Institutional Review Board approval. Subjects were excluded if there was any abnormality on physical examination or laboratory findings, a history of any allergic condition (including drug hypersensitivity), a history of drug abuse, or intake of any medication within 2 weeks before enrolment in the study, or a score of more than 13 or less than 3 on the neuroticism scale of the Eysenck Personality Inventory (Eysenck and Eysenck, 1964) . Smoking, alcohol and caffeine-containing substances were forbidden for the duration of each study period.
Each subject received three separate treatments: (a) diazepam 20 mg; (b) diazepam 20mg + Ro 15-1788 200mg and (c) placebo. Each treatment was administered once only as a single oral dose after an overnight fast. Treatments were administered under double-blind conditions, with the order of administration randomized by means of two 3x3 latin square designs. In order to control for possible carry-over effects, a 14-day washout period was allowed between successive doses. Subjects were trained on the psychometric test battery on two separate occasions before the start of the study in order to minimize learning effects. On the night before each treatment day, subjects reported to the Institute at 19.00 h and remained under observation for 48 h after each dose.
Memory test
The memory test used in this study was similar to that developed by Clarke and colleagues (1970) . The subject was asked to try to remember six sets of three words which were read aloud as six triplets, the three words in each triplet having phonetic similarity. His learning was then tested by prompting him with the first word of each triplet and asking for the other two words which were linked with it. The subject was corrected at once if he got any wrong and the procedure was carried out four times. The number of response words correct after the first hearing provided a measure of immediate recall, while the number correct summed over the four trials and the number correct three times in a row in these four trials provided measures of learning. Further training was given until at least four items were correct three times. The second part of the test was administered 30min later. The subject was asked to recall as many of the 18 words as possible without regard to order or grouping (free recall). Next, he was prompted with the first word of each triplet and was asked to respond with the correct words as in the original learning condition (prompt recall). The learning part of the test was administered 1 h after the administration of the drug(s) and the retention part of the test 30 min later.
Psychomotor tests
In addition to the triple associate learning test the following psychomotor tests were administered at 2.5, 6, 26.5, and 50.5h after each dose administration: where (Darragh et al., 1981b) . DSST and PST provide measures of cognitive function, SRT and DCT are tests of psychomotor speed and integration while CFF provides a neural measure of cortical arousal. The subjective mood instrument consists of a series of 16 visual analogue scales which assess such dimensions as alertness, anxiety and contentedness (Bond and Lader, 1974) .
Plasma diazepam concentrations
Blood for diazepam assay was taken before administration and 1, 2, 3, 4, 6, 8, 12, 24 , and 48 h after administration of diazepam and the diazepamRo 15-1788 combination. Plasma diazepam con- centration was measured by radioimmunoassay as described by Dixon and Crews (1978) . Comparative bioavailability of diazepam following the two treatments was assessed by comparing the areas under the plasma concentration -time curves (AUC) using a ttest for paired data. The AUC from f =0 to t = 48 h, were determined by the trapezoidal rule.
RESULTS

Learning and memory
Mean scores, standard errors and significance levels for analysis of variance (ANOVA) pairwise contrasts for the triple associate learning test comparing diazepam and diazepam-Ro 15-1788 respectively with placebo, are shown in table I. Diazepam had no effect on the measure of immediate recall, but did significantly impair learning capacity. Total correct responses for the four trials (learning sum) and the total number of items reaching criterion in the first four trials (learning treble) were significantly lower following diazepam (P<0.05andP<0.01 respectively). The effects of diazepam on learning are further illustrated in figure 1 which shows the mean learning curves for the three treatments. A 6(subjects) x 2 (treatments) x 4 (trials) analysis of variance, comparing diazepam scores with placebo scores, revealed significant main effects for treatments (P<0.05) and learning trials (i»<0.01). The interaction, however, was not significant, indicating that the effect of diazepam was not specific to any particular trial. Results from the second part of the test, in which memory was evaluated, indicated that prompt recall was significantly impaired by diazepam (P<0.05), but free recall was not affected. This finHing is in agreement with previous research and is considered to reflect the effect of diazepam on learning rather than a direct effect on the retrieval process itself (Clarke et al., 1970) .
The significant impairment in learning capacity seen following diazepam was prevented when Ro 15-1788 was concurrently administered. Nosignificant differences were observed when scores following the combined drugs were compared with those following placebo (table I). Figure 1 shows that, although the learning curve following the combination was lower than that seen after placebo, the difference was not significant. Results from the second part of the test (free and prompt recall) also reflect the lack of impairment following diazepam in combination with Ro 15-1788. 
Psychomotor tests
The degree of impairment in psychomotor performance and the changes in subjective mood following each of the three treatments are outlined in tables II and III.
At 2.5h diazepam significantly impaired DSST (P<0.05), CFF (P<0.025), DCT (P<0.05) and PST (P<0.01). Impairment in SRT at this time approached significance (P < 0.10). At the 6-h testing time, scores on the two measures with predominantly motor components were not significantly different from those following placebo. Impairment was still present, however, on the DSST(P<0.05), and PST (P<0.01) while CFF values were lower than corresponding placebo values (P<0.05). No significant impairment was observed on any measures at 26.5 or 50.5 h.
When Ro 15-1788 was administered concurrently with diazepam, the impairment in performance observed after diazepam alone was completely prevented, 2.5h after administration (table II) . Six hours after the combined dose, however, significant impairment occurred on the two measures of cognitive function, DSST (P<0.01) and PST (P<0.05), while impairment on the DCT was seen at26.5h.
Data derived from the 16 bipolar mood scales are summarized in table III (only those shifts in mood found to be significant by analysis of variance comparisons are included). Following diazepam alone significant changes were seen on nine of the 16 mood scales at 2.5 h. All of the scales affected load onto the alertness factor (Bond and Lader, 1974) and reflect drug-induced sedation, inco-ordination, lethargy and mental slowness. Some of these effects persisted for 6 h but had returned to placebo values by 26,5 h. Following the diazepam-Ro 15-1788 combination there were no significant mood changes at 2.5 or 6 h, although at 26.5 h subjects reported feeling more lethargic, mentally slow and relaxed, indicating a mild degree of residual sedation at this time.
Plasma diazepam concentrations
Mean plasma diazepam concentrations for the six subjects, following either diazepam alone or the diazepam-Ro 15-1788 combination, are illustrated in figure 2. The two curves are very similar and statistical analysis confirmed that the mean AUC did not differ significantly for the two treatments.
DISCUSSION
The amnesic effects of diazepam observed in this study are in good agreement with the findings of Clarke and colleagues (1970) learning ability and subsequent recall. These findings are consistent with the model suggested by Clarke and co-workers (1970) and elaborated by Ghoneim and Mewaldt (1975) , in which the amnesic actions of diazepam were attributed to impairment in the consolidation process, rather than to a direct effect on storage or retrieval. Since these authors found that the recall of information learned before the administration of diazepam was unaffected, it seems likely that the impairment in recall observed in the present study reflected impairment in earner learning capacity rather than an effect on the recall process itself. Concomitant administration of Ro 15-1788 markedly attenuated the amnesic actions of diazepam. Although antagonism was not complete, scores following the combination were not significantly different from placebo on any of the indices of learning or memory. It seems likely that more complete antagonism would have resulted from the use of a larger dose of Ro 15-1788. Nevertheless, the results of the study implicate the benzodiazepine receptor in the amnesic action of diazepam and introduce the interesting possibility that an endogenous ligand, such as that suggested by Mohler and colleagues (1979) , may be intimately involved in the memory process.
The impairment seen on other tests of psychomotor performance following diazepam alone is consistent with that reported elsewhere (Kleinknecht and Donaldson, 1975; Wittenborn, 1979) .
The effects of the drug were most marked when plasma diazepam concentrations were highest, with progressive recovery occurring during the elimination phase. Impairment on all measures was prevented at 2.5h by concomitant administration of Ro 15-1788, although sedative effects became apparent at 6 h, indicating that the antagonistic effect was relatively short. It is possible that this finding reflects the short elimination half-life of Ro 15-1788 (unpublished data). These results are in good agreement with our previous observations (Darragh et al., 1981a, b) where Ro 15-1788 effectively blocked the central effects of the potent benzodiazepine 3-methylclonazepam in healthy volunteers for up to 2.5h.
The ability of Ro 15-1788 to antagonize the central effects of diazepam does not seem to be mediated by interference with the bioavailability of the parent compound and is likely to reflect activity at the receptor level. The finding of some residual sedation 26.5 h after the diazepam-antagonist combination, which was not observed following diazepam alone, is surprising and the possibility that the antagonist may modify the plasma concentrations of active diazepam metabolites cannot be ruled out.
The discovery of such a benzodiazepine antagonist is analogous to that of the opiate antagonists and should have considerable scientific and therapeutic significance. Previous attempts to antagonize the central effects of diazepam using cholinesterase inhibitors (Di Liberti, O'Brien and Turner, 1975; Rupreht, 1980) or naloxone (Bell, 1975; Christensen and Huttel, 1979) 
